The development of an orthopaedic resident's arthroscopic surgical skills requires supervised training and substantial repetition, both of which can be costly and time-consuming within the operating room 1, 2 . The act of manipulating tissue and equipment while relying on a two-dimensional screen feels unnatural to most novice arthroscopists. This has led many educational bodies, including the American Academy of Orthopaedic Surgeons, to research the use of simulators and their potential role in training residents [3] [4] [5] . This research has been limited because of unrealistic simulators and the lack of validated simulation models. We previously compared the performance of basic arthroscopic tasks using the insightARTHRO VR shoulder simulator (GMV, Madrid, Spain) with the performance of the same tasks in a cadaveric model 6 . However, the link between clinical skill and simulator performance is still unclear. This previous investigation demonstrated a correlation between surgical experience and simulator performance; however, an important limitation, shared by other studies in this area, involved the ability to accurately define true surgical experience 6 . Many papers have described surgical experience with use of self-reported estimates of how many total arthroscopic procedures had been performed, without specifying their anatomic location 7, 8 . Others have used generalizations such as ''novice'' or ''expert,'' which are used to loosely define clinical experience [9] [10] [11] . Both methods of estimating surgical experience are fraught with subjective bias and inaccuracies, potentially compromising validity and reproducibility.
Orthopaedic surgical training has traditionally been based on the apprenticeship model, but the training of orthopaedic surgery residents has never been more regulated than under the current educational paradigm 12 . The Accreditation Council for Graduate Medical Education (ACGME) resident work hour guidelines have created training challenges that affect all residency programs in the United States. These work hour guidelines have brought with them a renewed focus on how to best address deficiencies in both the knowledge base and surgical dexterity skills of orthopaedic surgery residents. As the work hours and surgical experience of residents continue to decrease 13 , the field of arthroscopy has arguably become increasingly challenging, with more technically demanding procedures being performed 14 . This phenomenon has forced educators to seek other means of training in basic arthroscopic skills in a timeeffective manner.
The purpose of this study was to determine the association between surgical experience of residents, defined by the ACGME case logs of each participant, and basic arthroscopic task performance in a simulator environment. We hypothesized that basic arthroscopic task performance in the simulator model would positively correlate with both resident experience and shoulder arthroscopy experience.
Materials and Methods Subjects
Twenty-seven orthopaedic residents in a range of postgraduate years took part in the study, which was conducted between August 2008 and May 2011. All subjects were within the same residency program and were voluntarily recruited to participate regardless of surgical experience. No subjects had prior direct simulation experience on enrollment in the current study. Test subjects were categorized by year in training, ranging from postgraduate year one through five, at the time of testing. Demographic information including postgraduate year, sex, and age were obtained at the initial testing session. Institutional review board approval was obtained before testing commenced.
Simulator
This study used the insightArthro VR shoulder simulator for all testing throughout the study. Fidelity, interactivity, objective properties, sensory input, and reactivity are all vital to simulation studies; the importance of these features has previously been described by Satava 15 and are present within this simulator model. The simulator has a high-definition monitor that provides high-fidelity resolution, allowing objects to appear real to the test subject. This simulator has two robotic arms equipped with force-reflective technology, providing interactive feedback via model arthroscopic equipment. A simple probe and a 30°a rthroscopic camera were used for the purpose of this study. Each arm provides subjects with tactile and haptic feedback in response to interactive tissue manipulation and gravity. The tissue within the model also displays reactivity, i.e., it can be cut, handled, and deformed 15 .
Testing was performed with use of the simulator's diagnostic ''Blue Sphere'' program. This program utilizes blue spheres located at key diagnostic anatomic landmarks within the glenohumeral joint. After the subject locates and palpates the sphere with the probe, the sphere then relocates to a different anatomic location, reproducing a diagnostic arthroscopy in which eleven key structures are identified. This program was selected because of its documented correlation with surgical experience and performance in cadaveric testing 6, 7 .
Testing
Each subject was given a two-minute hands-on orientation to the simulator and its functions and capacities before initial testing began. The subject was then given a five-minute practice session to become familiar with the haptics and anatomic structures. While the subject was practicing, the testing objectives and outcomes were explained and any adjustments to the equipment (including adjustment of the height of the table and the angle of the monitor) were made. Each subject then performed three repetitions of the diagnostic Blue Sphere program, which were evaluated on the basis of the time to completion (in seconds) as well as both the camera distance (in mm) and the probe distance (in mm) traveled during the simulation task. After completion of the three trials, the subject's scores for that year were averaged and recorded. This same testing protocol was repeated annually over a three-year period in late June (the end of academic year). Testing was conducted regardless of each resident's current clinical assignments, and the person administering the simulation task (K.D.M.) was blinded to the recent and cumulative arthroscopic experience of each subject.
Following the completion of the three-year simulation study, a retrospective analysis of each subject's surgical experience was performed. An extensive analysis of each resident's ACGME case log was conducted. For each subject, the total number of shoulder arthroscopies, arthroscopies regardless of anatomic location, and surgical cases were documented from entry into residency training until the date of testing each year. To ensure uniformity and accuracy, each resident's case log was reviewed quarterly throughout the study period by the same author (P.J.B.Jr.).
Statistical Analysis
Means and standard deviations were calculated for all continuous outcome measures and covariates according to program year. Pairwise Pearson correlations between all variables were calculated to examine the association between all outcome and predictor variables. All outcome variables, including the mean time to complete the simulator task, the mean distance that the probe traveled during the task, and the mean distance that the camera traveled during the task, were continuous and approximately normally distributed. All outcome measures were highly correlated, and as a result, we elected to use the mean time to e160(2)
complete the simulator task as our primary outcome of interest in further analyses.
Because some subjects in the current study completed the simulator task in multiple years, we used the generalized estimating equation (GEE) version of linear regression to account for the correlation among these longitudinal observations of the time to complete the simulator task. The GEE version of linear regression specifies how the mean of an outcome variable for a given subject changes with covariates while accounting for correlations between repeated observations on the same subject over time 16 . We initially examined univariate models with the mean time to complete the simulator task as the primary outcome and postgraduate year, total number of shoulder arthroscopies performed, total number of arthroscopies performed on any joint, and total number of surgical cases performed as predictor variables. We subsequently evaluated multivariate models to determine the model that best fit the data in predicting the mean time to complete the simulator task. Model fit was evaluated with use of the model selection criteria originally described by Pan 17 and the quasi-likelihood under the independence model criterion (QIC).
The QIC was also used to evaluate the working correlation structure for the GEE analyses with use of the methods described by Cui 16 . Semirobust standard errors were employed in calculating significance, to adjust for clustering within each subject. All statistical analyses were performed with use of STATA/SE software (version 10.1; StataCorp, College Station, Texas), and a p value of <0.05 was considered significant.
Source of Funding
No external funding was received for this investigation.
Results
The study sample of orthopaedic residents consisted of twenty men and seven women with a mean age of thirty-two years (range, twenty-six to forty-three years). Because of the progressive nature of residency, eleven subjects were tested in only one program year, eight were tested over two program years, and eight were tested over three program years (resulting in a total of fiftyone simulation testing sessions over the three-year study period). As a result, there were a total of eleven observations in the first postgraduate year of residency training, eleven in the second year, eight in the third year, nine in the fourth year, and twelve in the fifth year. Means and standard deviations for all outcome measures and covariates are presented according to postgraduate year in Table I . Unadjusted correlations between all pairs of variables are presented in Table II ; notably, simulator time to completion was inversely correlated with the total number of prior shoulder arthroscopies performed (r = 20.55). 
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Univariate GEE analyses revealed that postgraduate year, total number of shoulder arthroscopies performed, total number of arthroscopies performed on any joint, and total number of surgical cases performed during residency training prior to testing were associated with the mean time required to complete the simulator task (Table III) . Postgraduate year had the greatest impact on the time to complete the simulator task, followed by the total number of shoulder arthroscopies performed, total number of all arthroscopies performed, and total number of surgical cases performed. On average, for every oneyear increase in postgraduate year, there was a twenty-threesecond decrease in the time required to complete the simulator task (p < 0.001). Similarly, for every shoulder arthroscopy case performed as a resident during training, there was an average 0.6-second decrease in the time required to complete the simulator task (p < 0.001). The total number of arthroscopies performed and the total number of surgical cases completed during residency prior to completing the simulator task were also correlated with shorter times to complete the task (p < 0.001), but had a smaller effect.
Multivariate analysis revealed that the model that best fit the data included postgraduate year and the total number of shoulder arthroscopies performed during residency prior to completing the simulator task (Table III) . On average, for every one-year increase in postgraduate year, there was a sixteensecond decrease in the time required to complete the simulator task (p = 0.005) when the number of shoulder arthroscopies performed during residency prior to testing was held constant. Similarly, after controlling for the influence of postgraduate year, there was a twelve-second decrease in the time to complete the similar task with every additional fifty shoulder arthroscopies performed during residency training (p = 0.008).
Discussion
The purpose of the current study was to evaluate the association of the surgical training and experience of orthopaedic residents with the performance of basic arthroscopic skills in a shoulder simulation model. Although some previous studies have provided evidence for the validity of individual simulator models on the basis of a subjective assessment of clinical experience [7] [8] [9] [18] [19] [20] , none of these studies has correlated simulation performance with an objective assessment of surgical experience. To the best of our knowledge, the present study is the first to use resident ACGME case logs along with other objective measures to assess arthroscopic simulator performance. Utilizing the ACGME case log allowed us to account for multiple variables, including the total number of shoulder arthroscopic procedures, total number of all arthroscopic procedures, total number of cases, and postgraduate year in training. To our knowledge, this study is also the first to prospectively follow its subjects over a three-year period, enabling the creation of a model with predictive validity. While controlling covariates (total number of shoulder arthroscopic procedures, total number of all arthroscopic procedures, total cases, and postgraduate year), we were able to establish that postgraduate year and the total number of shoulder arthroscopies performed were the most important factors predicting performance of basic arthroscopic skills on a shoulder simulator model.
Prior studies have compared subjects' simulator performance with experience, but consistency among these studies with regard to classification of experience and analysis of performance was poor 21, 22 . In some previous studies, residents were categorized only according to postgraduate year, regardless of their individual surgical, and specifically arthroscopic, experience 6, 9 . Variation in orthopaedic arthroscopic surgical training among programs and among residents is inevitable, making postgraduate year at best a poor generalization. Selfreporting of surgical experience 6, 7, 9 has also been utilized. Such methodology, however, is fraught with potential bias, variability, and inaccuracies. With no uniform measurement of surgical experience, arthroscopic simulation research has been unable to define predictive metrics capable of informing prospective resident evaluation or training. In the current study, we were able to clearly define surgical experience on the basis of the number of shoulder arthroscopies performed, and we subsequently followed the subjects, in some cases over multiple years, to establish a clear model with predictive validity based entirely on objective data. 
It is not surprising that incremental experience in clinical arthroscopy correlated with improved performance on the simulator. Our finding that postgraduate year correlated with performance (which, to our knowledge, has not been reported previously) is also not surprising. It is also interesting to note that our postgraduate year-4 students performed better on the simulator compared with the year-5 students. This may be partially explained by the proximity of testing to the sports medicine rotation in postgraduate year 4, as manifested by the increased number of arthroscopic cases performed during that year.
The limitations of our study include the relatively small sample of subjects, all from a single program. The use of ACGME case logs is both a strength (since they clearly and objectively define surgical experience) and a weakness (since they are self-reported, without proven accuracy). This study was also performed prospectively over a three-year period during which the same simulator was used for all testing and one single test examiner, blinded to surgical experience, conducted all testing. Simulation confounders were also minimized by not allowing the subjects to have any additional simulation experience during the study, a factor that has not been accounted for in other research 18 .
In conclusion, the present study demonstrated that performance of basic arthroscopic skills on a shoulder simulator model was independently associated with postgraduate year and with the total number of shoulder arthroscopies performed prior to testing. These findings warrant further investigation to determine if training on a validated arthroscopic shoulder simulator would improve basic shoulder arthroscopic surgical skills in the clinical setting. n
